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CLAIMS 



What is claimed is: 




1 . \A heat exchanger for a semiconductor chip comprising: 
a heat condueting^surf^ positioned adjacent said semiconductor chip; 
a circular chamber positioned above the heat conducting surface; 
a plurality of heat conductingvfins disposed within the circular chamber; 
a fluid inlet aperture positioned at a^central portion of the of the circular chamber; and 
a fluid outlet aperture positioned at a peripheral region of the circular chamber 



2. The heat exchanger of claim 1 wherein the plurality of fins are positioj; 
in a generally radial direction extending from a central region of the circular chamber towards a 
peripheral region; 



3. The heat exchanger of claim 1 wherein the fins are a^anged in a spiral 
pattern, each fin extending from a central area of the chamber out towarjJ^ peripheral portion of 
the chamber. 

4. The heat exchanger assembly of claifh 1 wherein the circular chamber 
comprises an overhead wall and there is at least one anjmlar channel recessed upwardly into the 
overhead wall. 

5. The heat exchanger of^ claim 3 wherein each fin extends laterally from a 
leading edge to a trailing edge with the^^iling edge being closer to the peripheral portion of the 
circular chamber, and the fin being laterally straight. 



6. The hesA exchanger of claim 3 wherein each fin extends laterally from a 
leading edge to a trailing edge with the trailing edge being closer to the peripheral portion of the 
circular chamber, and th/fin being laterally curved in the direction of the spiral pattern 
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7. The heat exchanger of claim 3 wherem an outer perimeter of the circula 
chamber is defined by the inside siirface of an annular wall, and there is at least one anmilar 
space in the chamber proximate the aimular wall, between a trailing edge of the fins ^d the 
armular wall. 

8. The heat exchanger of claim 7 wherein an overhead walj/of the circular 
chamber has at least one annular fluid channel recessed upwardly into the wally 

9 The heat exchanger of claim 8 wherein the aimular charmel of the 
overhead wall has a varying cross sectional area with the area being greatest at a distance furthest 
from the fluid outlet aperture and the area being at a minimum adjac^t the fluid outlet aperture. 

10. The heat exchanger of claim 1 wherein mQ fins are arranged in at least two 
concentric circular arrays, comprising at least an inner ajray and at least an outer array, each 
circular array comprising a plurality of fins arranged hr a generally radial pattern with each fin 
extending from a leading edge of the fin to a trailing edge of the fin, the trailing edge being 
positioned radially outward of the leading edge closer to a peripheral region of the circular 
chamber. 

1 1 . The heat exchange/ of claim 10 wherein the fins of each circular array are 
arranged in a spiral pattern, each fin have a leading edge and a trailing edge, with the trailing 
edges of the fins being positioned j^ioser to a peripheral region of the circular chamber than 
leading edges. 

12. The heat exchanger of claim 10 wherein the circular chamber has at least 
two annular space regions, with at least a first annular space being between the inner array and 
outer array of fins, and at least a second annular space being between the outer array of fins and 
an inside surface of an annular wall of the chamber. 
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13. The heat exchanger according to claim 12 wherein an overhead wall o^^e 
circular chamber has at least one annular fluid channel recessed upwardly into iho/mXl^ the 
annular fluid channel being disposed over at least one of the annular space regiojcism the circular 
chamber. 

14. The heat exchanger of claim 13 wherein >tfie annular fluid channel has a 
varying cross sectional area, the cross sectional area being^greatest at a distance along the 
channel furthest from the fluid outlet aperture and at ^minimum adjacent the fluid outlet 
aperture. 

15. The heat exchanger of ^aim 2 wherein an outer portion of the circular 
chamber, has a varying cross sectional area. 

16. The heat exchan/er of claim 15 wherein the cross section area of the outer 
portion of the chamber is greatest at/a position diametrically opposed to the position of the fluid 
outlet aperture. 



17. The h/at exchanger of claim 2 wherein the fluid inlet aperture is 
positioned in overhead waiy'of the circular chamber at the center of the wall and the fluid outlet 
aperture is positioned in the overhead wall at the periphery of the wall. 




heat exchanger for a semiconductor chip comprising: 
ucting surface; 

a fin plate having an^array of fins arranged in a generally radial pattem, extending 
outward fi"om a central region of the plate toward a peripheral region of the plate; 
an annular wall extending upwardfy^fi-om the fin plate; 




an overhead wall v^th a recessed annular chaimel, the overhead wall, the fin plate 
and the annular wall defining a fluid chamber of the heat exchange 

a fluid inlet aperture disposed at the center of the overheM^^^^ll^^d 
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— ar-fluid-outler^erture disposed at the periphery ot the overheaa wall. ^ 

^\\Vc^\^^* ^^^^ exchanger of claim 18 wherein the fins are curved in a radial 

pattern into a spiral shape. 

20. The heat exchanger of clamvH:^ further comprising a conduit chamber 
disposed above the overhead wall of the fluid chamber, the conduit chamber housing a outlet 
conduit connecting the fluid outlet^^mure to an opening on the outside wall of the chamber, and 
further housing an inlet copdmt connecting the fluid inlet aperture to an opening on the outside 
wall of the conduit ch^ber. 




The-heaLcx-ehangeFe^f^aim-l S-wherein the con duitxhamber-is-arii^ylinder. 



^J^A^ 22. The heat exchanger of claim 21 wherei^^ is threadedly 

engaged to the outlet conduit throughtije--eorr^spondin opening on the outside wall of the 
cylinder and an external fitjin^is threadedly engaged to the inlet conduit through the 
corresponding opempg-lSn the outside wall of the cylinder, the fittings being configured to mate 
with extemal,,c(5nduits for transferring fluid to and from the heat exchanger. 

23 . A heat exchanger assembly comprising: 

a semiconductor chip package; 

a fluid chamber having a heat conducting^^face; and 

a retaining assembly to secure the he^x conducting surface against a heat emitting 
source of the semiconductor chip package, the/fluid chamber being rotatably mounted to the 
retaining assembly and the assembly beijj^/ijonfigured to be releasably attachable to the 
semiconductor chip package. 



24. The heat exi^anger assembly of claim 23 wherein the retaimng assembly 
comprises a plate with a bore through which the fluid chamber is inserted and rotatably retained. 
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25. The heat exchanger assembly of claim 23 further comprising a bow'sprmg 
configured to fit over the retaining plate, the bow spring also having a bore which is ^Hgned with 
the bore of the retaining plate through which the fluid chamber is inserted and rpt^bly retained. 

26. The heat exchanger assembly of claim 23 Mrmer compnsmg a sprmg 
configured and moxmted on the retaining plate such that tWrestoring force of the spring is 
translated to the force between the heat conducting surfap^and an adjacent heat emitting surface 
when the spring is tightened. 

27. The heat exchanger>^ssembly of claim 26 wherein the means of tightening 
the spring also comprises the means/<H retaining the semiconductor package adjacent the heat 
conducting plate. 



28. Tbe heat exchanger assembly of claim 27 wherein the fluid chamber, the 
spring, the retaining^ assembly, and a means for tightening the spring are all configured to be 
captive in their r^pective positions but selectively movable for installation of the heat exchanger 
assembly s^yks to allow tightening or releasing of the spring tension, and rotating of the fluid 
chambei 



'29n^ a method for cooling a semiconductor chip comprising: 
impacting a^cQoling fluid against the central region of a plate within a circular 





chamber; 

distributing the fluid through tKfe^^amber; 
withdrawing heat from the semiconducto^^^nough the plate and into the fluid; and 
discharging the fluid through an outlet aperture lo5atedat^a peripheral portion of 
the circular chamber. 
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30. The method according to claim 29 wherein distribution of the JWld 
through the chamber comprises directing the fluid in a generally radial direction to thp^riphery 
of the circular chamber. 



31. The method according to claim 29 wherein distribution of the fluid 
through the chamber comprises directing the fluid in a spiraling^irection from the center of the 
plate towards the periphery of the circular chamber. 

32. The method of claim 31 furth^ comprising attaining even distribution of 
the fluid throughout the circular chamber as it flows towards the periphery of the chamber by 
equalizing pressure drop for substantially eqifal flows rates, from the center of the plate, in any 
radial direction, to the fluid outlet apertupe of the chamber. 

33. The methoda)f claim 32 wherein equalizing the pressure drop from the 
center of the plate to the outlet^perture comprises varying the fluid velocity of the fluid about 
the periphery of the circular diamber. 



34. T^e method of claim 33 wherein varying the fluid velocity about the 
periphery of the circu)^ chamber fiirther comprises increasing the fluid velocity as it approaches 
the fluid outlet ape^mre. 

Die method according to claim 32 wherein equalizing the pressure drop 
comprises varying the cross sectionalarea"ofairouteiLp(gtio^ of the circular chamber 



36. The method of claim 29 fiirther comprising increasin^aajiidmcluartreat 
transfer coefficient of the fluid by increasingJurbuleficFand reducing boundary layer thickness 
of the fluid on a wall within the jurctflar chamber by changing momentum of the fluid. 
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37. The method of claim 36 wherein changing the momentum of the^/fltud 
comprises directing the fluid in a curved spiral flow pattem. 

38. The method of claim 29 further comprising attaining iriuform distribution 
of the fluid through the chamber by spreading the fluid in a generally radial direction and 
reducing back pressure against the radial flow. 

39. The method of claim 38 wherein redugiftg the back pressure against the 
radial flow comprises imparting rotational velocity to thp^fluid on the outer perimeter of the 
chamber. 
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40. The method of claim 29 fupfher comprising attaining imiform distribution 
of the fluid through the chamber by spreading the fluid in a generally radial direction and 
creating a low pressure zone about the periphery of the chamber. 



41. The method of /laim 29 further comprising reducing boundary layer 
thickness on a heat transfer surface^by introducing a space between two heat transfer walls 
wherein fluid commimication vn)^i the walls is momentarily broken while the fluid travels 
between the walls. 




42. The inethod of claim 29 further comprising increasing the overall heat 
transfer area by providinjg a curved heat transfer surface. 
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